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Abstract 
The ionization constants and carbamate stability constants for post combustion CO2 capture solvents are in this work 
studied with the help of molecular modeling. These two equilibrium constants are very important in understanding the 
thermodynamics of any solvent for post combustion carbon capture. Temperature effects on these two equilibrium 
constants are also studied for pKa of a data set of 10 amines and 10 amino acids. Temperature dependency of carbamate 
stability constants of MEA and DEA along with experimental data is also presented. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of SINTEF Energi AS. 
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Introduction 
Amines and amino acids are regarded as the most pertinent solvents for post combustion CO2 capture temperature swing 
processes. The overall performance of the solvent can be estimated to a large extent from studying the temperature 
effects on various reaction equilibrium constants for the reactions between solvent and CO2. Key reactions which 
dominate the solvent chemistry are the bicarbonate formation (Reaction 1), protonation of solvent (Reaction 2) and 
carbamate formation reaction (Reaction 3). 
  ܥܱଶ ൅ ʹܪଶܱ ՞ ܪܥܱଷି ൅ ܪଷܱାǡ ܭଵ 
(1)
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 ܤܪା ൅ ܪଶܱ ՞ ܤ ൅ ܪଷܱାǡ ܭଶ (2) 
 ܪܥܱଷି ൅ ܴଶܰܪ ՞ ܴଶܰܥܱଶି ൅ ܪଶܱǡ ܭଷ (3) 
 
The overall reactions for CO2 absorption with amines (4) and amino acids (5) are given as 
 ܥܱଶ ൅ ܴଶܰܪ ൅ ܤ ՞ ܴଶܰܥܱଶି ൅ ܤܪାǡ ܭ௖௔௥௕భ (4)
 ܪܥܱଷି ൅ ܱି ܱܥܴܰܪଶ ՞ ܱି ܱܥܴܰܪܥܱܱି ൅ ܪଶܱǡ ܭ௖௔௥௕మ (5)
 
The equilibrium of the carbamate formation reactions 4 and 5 are towards the right even under conditions of low CO2 
partial pressure at low temperatures (typically < 40oC-50oC). This equilibrium is shifted towards the left at high 
temperatures. CO2 is absorbed under low partial pressure conditions, typically 3-15 kPa, and at low temperature in the 
absorber. It can be desorbed from a CO2 loaded solvent at relatively high CO2 partial pressure, 1.5-2 bars, at high 
temperature in a stripping column. Thus, understanding the temperature dependencies of the equilibrium of reactions 1-5 
is of crucial importance. 
 
COMPUTATIONAL DETAILS 
All gas phase calculations were done using Density Functional Theory (DFT) at B3LYP/6-311++G (d,   
p)//B3LYP-6-311++G (d, p) level. Gas phase calculation were carried out with the most stable conformer found 
at B3LYP-6-311++G (d, p) level of theory. All gaseous phase optimization and frequency calculations were done 
using the Gaussian 03 software.1 
 
Aqueous phase geometries were fully optimized at B3LYP level of theory using 6-311++G (d, p) functional in Spartan 
08 for PCM and SM8T calculations using solvent model SM8. PCM calculations were done using the default settings 
in Gaussian 03 in aqueous phase. All calculations were done using Density Functional Theory (DFT) at 
PCM/B3LYP/6-311++G (d, p)//SM8/B3LYP-6-311++G (d, p) level. The implementation of the PCM model2 can be 
invoked using the Self-Consistent Reaction Field (SCRF) keyword in combination with PCM-specific modifiers. 
Option read was used to indicate a separate section of options providing calculation parameters for specifying the 
characteristics of the cavity. The extra options used were RADII = UAHF, which uses the United Atom Topological 
Model applied on radii optimized for the HF/6-31G (d) level of theory. The calculations done in this work use cavities 
based on atomic spheres, using the GEPOL algorithm of Nilsson et al.3 GEPOL has been adopted as the default option 
for PCM calculations in the Gaussian 03 electronic structure program. It gives geometry optimization and energy 
calculations with better results. Both electrostatic and non-electrostatic (i.e., cavitation, repulsion, and dispersion) 
terms were included in the calculation of ǻGsolv values.  
 
SM8T calculations4 were done in Gamessplus,5 using the optimized structure obtained earlier. All SM8T calculations 
were also done using Density Functional Theory at SM8T/B3LYP/6-311++G (d, p)//SM8/B3LYP-6-311++G (d, p) 
level.  
 
 
RESULTS AND DISCUSSIONS 
As explained above the most stable conformer for molecules in the present study were studied at B3LYP-6-311++G (d, 
p) level of theory. The most stable conformers for MEA and MDEA species, studied in this work, are given in Fig.1. 
MEA is the most common and highly studied solvent for post combustion CO2 capture and MDEA is very flexible 
molecule necessitating careful stable conformer selection.  
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Very recently Fernades et al24 have used 1H NMR to study the carbamate stability of MEA and other important solvents 
for PCC. As discussed above, there is not much data available for carbamate stability for amines and we are not aware of 
any experimental work for determining carbamate stability constants for amino acids. One important observation in case 
of determining the temperature dependency for the MEA carbamate stability constant is that when we shifted our free 
energy of carbamate formation reaction calculated value at 293 K to the value calculated by Jakobsen et al,15 we observed 
that the calculated value from molecular modeling also matches with that of Jakobsen et al.15 at 313 K. The temperature 
dependency of the carabamate stability constant of DEA agrees with the temperature dependent Kc values given by 
Fernades et al.24  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6: Comparison of pKa of Amines and Amino Acids (a) Experimental (b) calculated using computational
continuum solvation model SM8T integrated with DFT gas phase calculations, over a temperature range of 273-393
K. 
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Experimental and calculated protonated equilibrium constants for a set of 20 amines and amino acids are compared in 
Figure 6. A solvent (amine or amino acid) having high temperature sensitivity is very beneficial for the post combustion 
CO2 capture process. This is a property of great interest in a temperature swing process such as post combustion CO2 
capture with solvent systems. 
 From both experimental values and theoretical calculations it can be seen that 6-aminohexanoic acid has stronger 
temperature sensitivity than other amines and amino acids in our solvent data set. It is also shown that calculated 
dissociations constants in this work are in excellent agreement with literature data. Experimental data for temperature 
dependent dissociation constants is mainly taken from Perrin et al.25 and details of other experimental sources can be 
found in Gupta et al.6, 25, 26 Similar plots for carbamate stability constants can be plotted against temperature and the 
overall temperature sensitivity of amines and amino acid solvents can be predicted.  
CONCLUSIONS 
Experimental and calculated results for different reaction equilibrium constants are found to be consistent with each other 
in a studied temperature range of 273.15–373 K. A careful examination of temperature behavior of these equilibrium 
constants of amines and amino acids can provide useful insight for choosing potential solvents for CO2 absorption. 
Molecular modeling provides a valuable tool for calculating temperature dependent pKa values for amines and amino 
acids at higher temperature and the accuracy is within experimental error bars. The theoretical approach given in this 
work for calculating temperature dependent ionization constants and carbamate stability constants can provide useful 
insights for post combustion CO2 capture technologies, where we experience experimental difficulties due to high 
temperatures and complex speciation of the amine-CO2 system.  
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